Storm , a Mathematical Model Applied to the Shingle Creek Basin by Foy, Jay G.
University of Central Florida 
STARS 
Retrospective Theses and Dissertations 
1975 
"Storm", a Mathematical Model Applied to the Shingle Creek Basin 
Jay G. Foy 
University of Central Florida 
 Part of the Engineering Commons 
Find similar works at: https://stars.library.ucf.edu/rtd 
University of Central Florida Libraries http://library.ucf.edu 
This Masters Thesis (Open Access) is brought to you for free and open access by STARS. It has been accepted for 
inclusion in Retrospective Theses and Dissertations by an authorized administrator of STARS. For more information, 
please contact STARS@ucf.edu. 
STARS Citation 
Foy, Jay G., ""Storm", a Mathematical Model Applied to the Shingle Creek Basin" (1975). Retrospective 
Theses and Dissertations. 151. 
https://stars.library.ucf.edu/rtd/151 
"STORM", A MATHEI'viATICAL MODEL 
APPLIED TO THE SHINGLE CREEK BASIN 
BY 
JAY G. FOY, E.I. 
B,S,A,E., University of Maryland, 1969 
RESEARCH REPORT 
Submitted in partial fulfillment of the requirements 
for the J~aster of Science Degree at 
Florida Technological University 
Orlando, Florida 
1975 
iii 
ACKNOWLEDGEMENTS 
I would like to thank Dr. M. P. Wanielista for his 
advice and assistance in preparing this report1 and for 
his services as my advisor and Committee Chairman. 
I would like to thank Dr. D. L. Block and Dr. H. I. 
Klee for reviewing this report and serving on my 
committee. 
I would like to thank my wife and typist, Mary Jane, 
for enduring this year of school and for processing this 
report. I ould also like to thank my parents for 
making this all possible. 
Finally, I would like to thank the entire Civil 
Engineering faculty for the excellent Environmental 
Engineering program that inspired this report. 
ABSTRACT 
11 STORI'w1", A MATHEMATICAL MODEL 
APPLIED TO THE SHINGLE CREEK BASIN 
By 
Jay G. Foy 
Stormwater management necessitates a regional plan 
based on the best practical methods. 11 Storm", a mathe -
iv 
matical model, is employed to simulate runoff conditions 
in the Shingle Creek Basin. The computed runoff q antity 
is calibrat d directly ith the streams hydrograph. Run-
off q ality is pred · cted with t o sets of pollutant load-
ing rates. The scope of the model is expanded by devel-
opment of parame ric c res tr t can be sed to convert 
me sur d q ality data to input land se loa ings. A 
parametric st dy is also perform d to fab icate the 
effects of 
urbanization on the Shingl~~-r) 
Dr Martin P. anielista, P. E. 
Director, Research Report 
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1. INTRODUCTION 
The 1972 amendments to the Federal Water Pollution 
Control Ac't--PL 92-500 has established goals of restoring 
the chemical, physical, and biological integrity of the 
nations waters. Section 101(a)(2) declares that water 
quality capable of supporting fish, shellfish, wildlife, 
and a balanced recreation is a goal to be reached by 
July 1, 1983(1). Section 208 addresses abate_ment and 
control of point, nonpoint and other sources of water 
pollution. Nonpoint sources are now recognized as 
significant contributors to water degradation. The 
uncontrolled, fluctuating nature of nonpoint sources 
represents a unique challenge to water quality goals. 
Stormwater management is a part of nonpoint sources, 
but is a separate area(2). 
The control of stormwater runoff necessitates a 
regional or total ater management plan. The effects 
of both q antity and quality ust be considered. There 
are conflicting demands on our water resources, i.e., 
to carry off societies by-products but also to improve 
2 
the water quality for public health, recreation, commercial 
and aesthetic reasons()). 
All waters are enmeshed by the hydrologic cycle. 
Management of rainfall, an integral part of the hydrologic 
cycle, is a large task with far reaching consequences. 
Overland runoff is contributing to water degradation. 
Surface and groundwaters are effected in quantity and 
quality by the manner in which stormwater is handled. 
J 
In Flo-rida the major source of potable water is 
groundwater. Recharge of the aquifers in sufficient 
quantity and of acceptable quality is of regional concern. 
Depletion of this source will result in large increases 
in w·ater treatment costs. The climatology of Florida is 
special. \'/e have the highest rate of thundershowers in 
the United st·ates 1 this means a great variation in 
quantities of rainfall over an area. The rainfall is 
also distributed oppositely than needed for recharge, 
i.e., isohyetal lines show more rainfall in areas of low 
recharge. This gives rise to the idea of .,backpumping", 
i.e. pumping excess coastal water inland for storage and 
subsequent use. Large volumes of storage are needed to 
maintain the integr·ty of t e aquifers during critical 
periods(4). The seasons in Florida are best classified 
as wet (June thru mid October) and dry. The large seasonal, 
areal, and yearly variations in quantity of rainfall along 
with the large quality variations of overland runoff as 
a function of quantities and distribution of rainfall, 
and land uses, result in the need for regional water 
management. 
Regulation of nonpoint sources of pollution is now 
impossible. Regulation requires information; this is 
4 
presently being gathered through research programs. Once 
the sources are identified and enumerated the most cost 
effective abatement techniques will be chosen. This 
process should result in the best management practices 
for a water management system. 
The objectives of this report are to investigate the 
general characteristics of stormwater runoff, and to 
apply the mathematical model "Storm" to the Shingle Creek 
Basin. Runoff quantity is calibrated with measured flow 
data. An application of the model to runoff quality is 
investigated with parametric studies on changing loadings 
and degree of urbanization. 
5 
2. ST ORft'lW ATER 
2.1 Prelude 
The design of a stormwater management system mustr 
minimize floodingJ not have excessive drainage due to 
"possible significa nt advers e impacts to the ecology 
6 
and groundwater supply"J consider pollutant generation; 
have long life, perform wellJ have low capital, operating, 
and maintenance costsJ and be easy to construct(5). 
Stormwater management is truly a complex problem. 
This chapter, to clarify the above, will address 
the following areas about, or related to, s tor mwatert 
(1) Quantity of r unoff; (2) Quality of runoffa land uses 
and lo~dings; (J) Pollution sourcesJ {4) Urbanization; 
(5) Ground ater contamination; (6) Erosion; (7) Consequences 
of ignoring the problem, and (8) abatement. 
uantit considerat ·ons. 
11 The amount, f r equency, intensity, duration, and 
pattern of pr ecipitation vary so "i ely t hat each stor m 
that causes appreciable runoff must be classified as an 
event that never repeats itself"(6). Stormwater is truly 
a "stochastic somewhat uncontrolled problem"(?). These 
variables are indicative of the spacial and temporal 
fluctuations of the rainfall from a storm. The quote also 
accentuates tha t runoff (or an event) does not occur every 
time it rains, Runoff here is the total streamflow in 
excess of the baseflow, It is the sum of overland or 
sheet flow, and subsurface or interflow, 
7 
''Precipitation cannot be considered without the 
system, a storm cannot be defined by itself .. (8), Storm 
runoff quantity is a function of many variables, including& 
depression storage, antecedent moisture conditions, evapo-
transpiration rates, soil permeability and land use or a 
composite runoff coefficient, (temperature and snowmelt), 
and the temporal and spacial nature of the storm. The 
impact of both total runoff and peak flows are quantity 
considerations. 
2.3 Quality of Runoff& Land Uses and Loadings 
~he q antifications of the adverse (and advantageous) 
cause and effect re ationships that stormwater runoff has 
on ater q ality "is the first necessary output of the 
208 planning program .. (9). 
Some basic q ality c racteristics area (1) Potential 
pollutant concentra ions vary considerably 'ut rainfall 
over time and land uses are probably the major causes(10). 
(2) The greatest amount of particulates are transported 
during peak hydraulic discharge(lO), (J) The first flush 
has the highest concentration of pollutants(lO). (4) The 
highest pollutant concentrations follow a long dry period, 
while the lowest concentrations are during the wet 
season{11). 
8 
Table 1 illustrates the ranges of selected pollutants 
from urban stormwater. This table is useful in demon-
strating the variability of contaminants, but cannot be 
used for a specific area or to establish loading rates. 
The cont~ibutions of nutrients (nitrogen and phos-
phorus) by stormwater to receiving waters, annually, is 
generally less than 10%r but during an event {when over-
land runoff occurs) this source dominates all others(12). 
Peak or shock loadings cause dissolved oxygen depletion, 
turbidity, and bacterial contamination. In Jacksonville, 
a comparison of a one year frequency storm to contributions 
from existing point sources for a one day period is shown 
in Table 2(13). 
Caution mus~ be used in -examining these figuresJ 
they are indicative of peak loadings. There obviously is 
not a one year storm every day, and even if there were the 
daily pollutant output would be reduced due to the lack 
of a preceeding dry period. Also needed for evaluation 
of these figures is the quantity of flows if the ratio of 
unoff during the storm to baseflow was greater than 
19.54J then, in the receiving water lower BOD5 concen-
trations v1ould be measured. Conversely, if a system is 
not sensitive to peak loadings, then the total pounds of 
washoff could be the limiting factor. Figure 1(14) is 
a comparison of yearly loadings of point versus nonpoint 
sources. Again, similar insight with respect to peak 
Table 1 9 
CHARACTERISTICS OF URBAN STORMWATER 
(SELECTED DATA) 
(EPA-670/2-73-077, 1973) 
BODS 1 TO 700 MG/L 
COD 5 TO ),100 MG/L 
TSS 2 TO fl,JOO MG/L 
TOT. SOL. 450 TO 14,600 I~1G/L 
VOL. TOT. SOL. 12 TO 1,600 MG/L 
SETTL. SOL. o.s TO 5,400 MG/L 
ORG. N. 0.1 TO 16 f.,G/L 
NHJN 0.1 TO 2.5 MG/L 
SOL. P04 0,1 TO 10 MG/L 
TOT, P04 0.1 TO 125 MG/L 
CHLORIDES 2 TO 25,000 MG/L 
OILS 0 TO 110 r~G/L 
PHENOLS 0 TO 0.2 MG/L 
LEAD 0 TO 1.9 lvtG/L 
TOT. COLI. 200 TO 146x106 /100 I•iL 
FEC, COLI. 55 TO 112x106 /100 NIL 
FEC. STREP. 200 TO 1.2x106/100 ML 
NOTEs *\viTH HIGHWAY DEICING 
SOURCE' Strangland, 197 5 
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12 
loadings and the pollutants is necessary. 
The significance of peak loadings are exemplified 
in a report by Enviro Control, Inc.(15). This report 
states that "60% of the oxygen-demanding pollutants 
discharged from the city of Atlanta originates from non-
STP sources and all are directly related to rainfall". 
The oxygen demand from these periodic loads exerts from 
40 to 200 times that of the normal dry weather sewage 
treatment plant effluent load. 
Land uses are correlatable to loadings. It is 
generally accepted that the severity decreases from 
urban tez> agricultural, and is least for forestlands. 
"Loehr{15) categorized nonpoint pollution sources as 
follo~3a (a) uncontrollable or not needing control pre-
cipitations - anaged -orestland runoff, range land 
runoffr (b) possibly needing control - crop land r noff, 
runoff f om land receiving an e, crop land tile d ain-
age, irrigation return flo s; and (c) requiring control -
urban land runoff, manure seepage, feedlot runoff". 
Some general observations about the relative severity 
of loadings not already mentioned area Urban sources, in 
general, are the worst, probably due to the lack of assim-
ulative capabilityJ the high percent of imperviousness 
which allows washoff of pollutants at full strengthJ the 
lJ 
higher scouring velocities due to higher maximum dischargeJ 
and the sources of pollution are plentiful. Agricultural 
sources contribute more pollutants than forestlands 
simply because there are more sources. It is not as bad 
as urban because of reduced runoff and assimulative 
potentials. 
2.4 Pollution Sources 
"Vater Pollution ••• eondition created by ~he presence of 
harmful or objectionable materials in w·ater" (16). A look 
at where these nharmi'ul or objectionable materials" come 
from will now be made. 
Urban land runoff sources are numerous: ground 
deposits, trash, litter, construction waste and dirt, 
sediment from construction and erosion, air pollution 
fallout, (high ~ay de-icing salts), vehicular exhaust 
(gas additives, heavy metals, etc.) and tire residue, 
animal droppings, leachates from leaves, pesticides 
fertilizers, and others. Some other contributing factors 
area abandoned cars, vacant lots, and dead animals. The 
potential by sheer abundance for litter is greater in 
the United States than in foreign countries(!?). Again, 
urban runoff pollutant content is the highest. 
Agricultural runoff follows urban runoff in severity 
of water degradation. The major sources in Florida area 
muck farms citrus groves, feedlots, pastureland, farm 
14 
buildings (dwellings and animal stables), pesticides, 
chemical fertilizers, herbicides, and unprotected 
croplands. Farm animals produce ten times as much waste 
as humans i -n -the United States. For example& a cow, a 
hog, or seven chickens produce waste equivalent to the 
following number of h mansa 16,4, 1.9 and 1, respec-
tively(18). 
The forestland runoff sources are primarily leaf 
litter and inorganics from erosion. 
Rainfall is also a source of pollutants. As it 
"passes through the atmosphere it sweeps out particulate 
matter, gases, and odors , oduced by natural conditions 
and industries"(19). Nutrient levels in rainfall were 
found by Boyd F. Joyner of the u.s.a.s. in a study of 
Lake Okeechobee to be o.o4mg/l for phosphorus and 0.73mg/l 
for total nitrogen. 
2,5 Urbanizat·on 
There are three general character·stics of ban 
development on overland r noff& (1)more flow, {2)in.reased 
peak flows, and {J)decreased ater quality(20). Figure 2 
shows these effects and also the decreased lag time 
caused by the increase in impervious areas. These quantity 
increases in flow, and increased loading rates, result in 
not only increased pollution but large slug loading. 
These slug loadings may be more injurious than the same 
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loading spread over a longer period of time. 
2.6 Groundwater 
16 
Proper stormwater anagement is important to ground~ 
water because of its relationships with recharge, salt-
water intrusion, and water budget. It is estimated that 
95% of the Nation's fresh-water reserves are groundwaters 
(21). Proper recharge is important to our potable water 
supplies. Saltwater occurs at some depth everywhere in 
Florida. Saltwater intrusion is avoided by keeping 
enough freshwater "floating" above it. Controlling the 
watertable elevation £or proper recharge, discharge and 
potentiometric level lends itself to a otal water ma ge-
ment system. 
Stormwater must be managed properly to obtain a ater 
bud et. This is true not only of quantity, but of q ality. 
The q a it of our ater sou ces is directly related to 
treatment costs. Runoff, with its many poll tants, could 
contaminate gro ndvrater, specia ly ith the use of arti-
fical echa ge. In a n al system the rain at r filters 
thro gh the so·l. The topmost ayers of soil are relatively 
intense in biological activ ty. Passing through this zone 
subjects the pollutants to biochemical degradation. The 
biological activity below the active layer is relatively 
unknown. Direct injection, or recharge with poor quality 
water, may cause groundwater contamination or damage to the 
17 
subsurface ecosystem. 
Stormwater can also contribute to groundwater 
degradation by natural and artifical leaching, e.g., from 
a sanitary -landfill. 
2.7 Erosion 
Soil erosion is a function of the cohesiveness of the 
s oil, the rainfall intensity, distribution, and amount, 
the length and steepness af slope, vegetation, and control 
practices. The soil loss is calculated from the universal 
soil loss equation and modified by .the sediment delivery 
ratio, an empirical constant that is a function of the 
watershad. Sediment yield especially from denuded 
construction sites, is of considerable quantity. Th·s 
a lso contributes to ater degradation. Urbanizat ion can 
cause serious ater course erosion downstream of the sto m-
water injection point. 
~ter 
The esults of s t rm a t e r f int o a a ticular 
system may have completely diffe rent effects t an a point 
source on ater systems due to their spo atic nature. 
The o vious eff c t from ignoring or i m oper pl nning 
for quantity is flooding. Poor qu lity can result ina 
disturbance of the oxygen regime, aesthetic nuisance by 
turbidity, ecological effects, and others. 
Nutrient loadings result in algal blooms, exotic 
18 
plant growths, and stresses on the natural system. In 
Florida, the most injurious of the exotic plants is the 
hydrilla (submersed). The three other exotics that pose 
a threat to our waters area water hyacinths (floating), 
alligatorweed (emersed), and Eurasian watermilfoil 
(submersed). 
Some other quality degradation effects are increased 
water treatment costs, public health effects, fishkills, 
and biomagnification. 
The lack of a total water management system can and 
will result in aquifer drawdown, potable water shortages 
and increased costs, saltwater intrusion, and groundwater 
contamination. Excessive soil erosion is also a conse-
quence of mismanagement. 
2.9 Storm Runoff Abatement 
Sto mwater control is area s nsitive and must there-
fore be examined in ependent y for each land use n each 
qater s hed. 
The more common abatement techniques available are: 
(1) Control of street litter by public cooperation. This 
is a difficult task involving citizen groups, governmental 
response, legislation and enforcement, and public education. 
(2) Improved street cleaning practices. This is accomp-
lished by decreasing the cleaning intervals which requires 
a larger work force, or by increasing the sweeping effic-
iency with better equipment. (J) Proper catch basin 
design and maintenance. These structures are presently 
troublesome; going septic during _dry periods and adding 
19 
to the first flush effects. ' (4) Rooftop storage of run-
off. Roofs represent a large portion of urban impervious 
areas. Detention or storage of rainfall would greatly 
reduce slug loadings. (5) Storage on flat areas such as 
parking lots and playgrounds. These could also be made 
pervious, but are subject to clogging. (6) Underground 
storage. (7) Pond storage, et or dry. (8) Reservoir 
storage with subsequent treatment, on site or at treatment 
plant. (9) Deep well injection. (10) Natural or vegetated 
buffers such as greenbelt or terracing ar as, sod inlet 
filters, and sediment traps and basins. (11) egulator 
overflc devices such as the swirl concentrator. These 
devices separate the runoff into a concentrated solids 
stream for treatment and a s pernatant stre m for is-
cha ge. (12) Screening devices. {lJ) Po dered activated 
carbon additions. (14) High rate filtration. {15) H·gh 
rate disinfection. ( 6) Diminishing ater pollut·on 
effects could a so be accomplis ed by treatment, i.e., 
treating the natural water courses or by allowing discharge 
of stormwater (when controlled) and point sources in a 
limited number of waterways with subsequent treatment • 
• 
20 
J. THE SHINGLE CREEK BASIN 
21 
3,1 Physical Description of the Basin 
The Shingle Creek watershed includes the south-
western par~~f Orlando on its northern boundary and 
extends south to Lake Tohopeka~iga; see Figure J, The 
basin is bounded by the following basinsa .cypress Creek 
( est) , . Bonnet Creek {W), Reddy Swamp (W), Lake Cecil 
(W), Pleasant Hill {S), Kissimmee (E), Ivlill Slough (E), 
Boggy Creek (E), Howell Branch {N), Little Wekiva (N), 
and Big Wekiva (N). 
The Shingle Creek Basin is the northern tributary to 
the Kissimmee River Basin. Its headwaters are in south-
west Orlando and Orla Vista. The creek is channelized 
from Westside Manor to approximately one and one half 
miles south of Sand Lake Road. South of there it is a 
typical slow moving, meander·ng stream that traverses 
many miles of s~amp and low lands. It becomes more of a 
well defined st earn in Osceola County. 
).2 C ·mate 
The climate of the basin is subtropical. The mean 
annual temperature is 72.5°F, at Orland.o. The average 
annual rain£all is 52 inches, 58 percent of which occurs 
in June, July, August, and September. See Figure 4. 
J.3 Topography 
The basin is bounded on the west by a relatively 
hilly area. The remainder is flatlands at 50 to 100 feet 
elevations. 
22 
FIGURE J 
THE SHINGLE CREEK BASIN AND SURROUNDING WATERSHEDS 
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3.4 Geologf 
The Soil Conservation Service describes the basin as 
entirely sedimentary. The basal formations are thick, 
highly calcareous sediment of the Eocene age. The upper-
most of these is the Ocala Formation, a cavernous limestone 
that is an important water-bearing stratum. The upper 
surface of the Ocala Formation is at about sea level in 
Orange County. 
Successive periods of sedimentation and erosion 
during Oligocene, Miocene and Pliocene ages have left 
discontinuous strata of interbedded limestone, marl and 
unconsolidated sands and clays. The Hawthorn Formation 
of the Miocene Age is the most important strata. This 
formation is relatively impervious in most locations and 
forms a seal over the underlying limestone, ma ing poss-
ible the storage of large q antities of fresh a~er in the 
limestone caverns. 
nd Uses nd Point So rces 
The land ses for the S i gle Creek Basin are shown 
in table J. This table was m de by combining data pub-
lished by the Soil Conservation Service in 1968, and areas 
measured from a land se map kept current (5/75) by the 
East and Central Florida Regional Planning Council. 
Table J 25 
LAND USES, SHINGLE CREEK - 197 5 
Land Use Area in Thousands of Acres 
Non Urban 81.5 
Citrus 13.4 
Improved Pasture 13.6 
Unimproved Pasture (Range) 0.4 
__ Forestland 53.2 
- f'discellaneous Agriculture 0. 9 
S rface Waters 9.7 
Urban 18.9 
Single Family 4.0 
Multiple Family 5.7 
Industrial 1.2 
Commercial O.? 
Open or Park 7.3 
TOTAL 110e1 
26 
There are two point sources contributing to Shingle 
Creek• (1) McLeod Road, or Orlando's Southwest wastewater 
treatment plant and {2) Orange County Southwest, or Sand 
Lake Road wastewater treatment plant, 12 and 6MGD each. 
3.6 Soils 
The basin is comprised mostly by three groups of 
soils& (1) Excessively drained soilsa st. Lucie - Pomello -
Blanton, .(2) Somewhat poorly drained soilsa Leon-
Immokalee - Pomello - St. Johns, and {J) Poorly drained to 
very ·poorly drained soilsa Rutlege - Plummer - Fresh water 
swamp. These soil groups comprise approximately 20, 70, 
and 10 ercent of the watershed area. 
3.7 Background Data 
Sh~ngle Creek cent ibutes the greatest amount of 
nutrients of all the 'iatersheds in the K1ssirnmee River 
Basin. The main degraders are the two sewage treatment 
plants. The nat al bac ground data, as established by 
the Orange Co nty Pollution Control Depart ent, i e., data 
upstream of the . cLeod Road t eatment plant is gi en in 
Appendix B. This appendix also includes some of the 
previously measured water quality data. Throughout the 
stream the dissolved oxygen levels are consistantly too 
low to support gamefish. BOO, Nitrogen, and Phosphorus 
are high throughout the stream. Biological indicators 
shor gross pollution do\vnstream of the treatment plants. 
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These areas are not a natural stream habitat and are in a 
continuous stress condition. 
28 
4. ••sTORM" 
29 
I the a tical els are useful tools in a1 ing the 
na ysts t ass ss 0 em or a system. T ey ra 
es cial ·y-·-usef 1 rh n a dress·ng a diffe nt pro em 
it similar . 1 A el is a mathematical ar1~ s. 
at ion f a rs . ca sit ,.., :ionJ its ut ut must 
b c e ed aga1n t t e act al ph sical res lts [I odels 
st ~ so be a p ed nly o hose areas for which they 
re es e • A 1 oft n, the nsus ting sc 
e ceeds he f t e mod 1 a d does not know 
t his r s ts are d. The utilization of 
mo e s 
s 
"S 
r m 
,.. e 
T is m 
r~irlf 
1.' ta t 
r n ff, t 
ent-st ra e 
e 
.. s 
c 
f 
t 
e 
shoff 
t) 
c d w1th r~ tic 1 xperi ce 
dg ent. 
n 1 73 r es 
·'a t c e 
• 
Ca .-fo 
-
ng nte 
•r Sto m 
i_ . t •• n cannot )• ed !of 
a 
• 
0' ti 0 s . inial 
te 11 ti l"'lal 1 ads. 
rs se r n st 
pol 'tant ace tio .. , 
d 
c s 
n a 
u.s. 
1·. . c 
ec s 
Sl 
fft 
and soil e osion storage of xce 
of unof 
• 
and ov rf ow of the .. eat-
facil .. tyo The ro m can e dl.vided into 
ng 
four major computation areasa (1) runoff quantity, (2) 
runoff quality, (3) treatment, storage and overflow, 
and (4) soil erosion. 
4.2,1 Runoff Quantity 
The quantity of runoff is calculated from' 
R - C(P-F) 
where R - runoff 
p 
-
precipitation rate 
c 
-
runoff coefficient& calculated for 
urban areas, see Appendix c. Input 
directly for nonurban areas. 
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F - available depression storage, a 
function of the rainfall record and 
evapotranspiration rates. For further 
details the reader is referred to the 
program write up. 
Urban and non ban runoffs are combined by area 
eighting for the total vatershed runoff. 
2.2 
Urban area pollutant ashoff rates (pounds of 
pollutant per hour) are calculated from the following 
set of equations& 
Suspended Solids& 
)1 
Settleable Solids• 
Biological Oxygen Demanda 
Nitrogen a 
Phosphoruss 
where 
EXPT = (1-e-ERI) 
F = lbs. of pollutant per lbs. of dust and dirt 
DDL = dust and dirt accumulation, lbs/day 
ND = number of days without runoff 
PPO - remaining lbs. of pollutant on land at 
the end of the previous storm 
t = time, 1 hour fixed interval 
E - washoff decay coefficient 
R1 = runoff rate from impervious surfaces 
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The pollutant washoff rates are then multiplied by 
the runoff ~uration for total pounds of washoff, or 
divided by the runoff rate for concentrations. 
from a 
\¥HERE 
Nonurban pollutant washoff rates are calculated 
M - lbs/hr of pollutant in question 
PA - loading lbs/acre/day for pollutant 
A - area, acres · 
The total pounds washoff and concentrations are 
calculated as before. 
4.2.) Storage, Treatment4 and Overflow 
The p ogram has the capability to analyze the 
computed runoff rates for overflow of a given storage 
ca acity when being treated at an assigned treatment 
rate. The se of the storage faci ity is a function of 
the accumulation of runoff and the constant output of 
the treatment plant. The rogram can plot the storage 
util·zation ersus time curve. The reader is referred to 
the computer program write up for further details. 
4,2.4 Soil Erosion 
The universal soil loss equation is used to calcu-
late the loss of soil from a plot of ground. 
JJ 
Soil Erosion Rate= (EI)(K)(L*S)(C)(P) 
where EI = rainfall factor = 350 in Florida 
K = soil erodibility factor 
L*·s 
-
length-slope f actor 
c 
-
cropping management factor 
p 
- er osion-control practice factor 
To determine how much of this eroded soil reaches a 
given point in the watershed the amount is multiplied by 
the sediment delivery r a tio. This ratio is a function of 
the watershed and must be determined by measurements in 
the field. 
5 • .. STORIYl" CALIBRATION AND APPLICATION TO 
THE SHINGLE CREEK BASIN 
34 
35 
5,1 Quantity Calibration 
The program "Storm" requires input of hourly rain-
fall, runoff coefficients, evapotranspiration rates, and 
depression storage, all of which are used for quantity cal-
culations. Evapotranspiration rates were taken from 
Florida Climatological Data over a · ten year period from 
1965 to 1974. These monthly values were averaged and 
input into "Storm"a see Table 4. 
Streamflows were obtained from USGS records(22). The 
storm ater runoff as separated from the baseflow by 
graphing the data and constructing a straight line from 
the point of rise on the hydrograph to the point of 
greatest c vature on the falling side jof the curve. The 
area bet een the total streamflow and these constructed 
lines as taken as runoff. A ten month period .. as used 
to insure proper cali ration. The method used is i lu~ 
strated in Fig e 5· 
The "Storm" program was first run ith input al es 
for depression storage and runoff oefficients tho ght 
reasonable for the land ses. The program calculates 
urban and nonurban runoff s~parately, then combines them 
for total runoff. The runoff as calculated by •storm" 
was high, but the ratio of urban to nonurban runoffs as 
reasonable. This ratio was kept constant, while the total 
runoff was adjusted to the runoff as calculated from the 
hydrograph. The adjustment was made by varying runoff 
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coefficients and depression storages. 
5,2 Pollutant Loadings 
)8 
The runoff quality from the Shingle Creek Basin was 
predicted by using two sets of pollutant accumulation 
rates (or loadings). These loadings, from "Storm" and 
"Nonpoint Source Effects .. (NSE), are recorded in Tables 
5 and 6. 
Loadings are a function of land use. In the program 
"Storm" the urban area has up to five land uses (single 
family, multiple family, commercial, industrial, and open 
or park)J the nonurban area has only one land use. The 
program was run, with both loadings, separately for the 
urban and nonurban areas, and for the combined areas. 
The ''Storm" loadings were input directly for t he five 
ban land uses, and area weighted for the nonurban 
portion. The "NSE" pollutant loadings l ere input as 
average values for the urban areas, and area eighted 
for the nonurban portion. A synopsis of the ater q a i t y 
degradation as calculated from the program "Storm" from 
these loading. rates is given in Table 7• total pounds of 
pollutant washoff and concentrations are cited. This 
table exhibits considerable differences in the runoff 
quality as calculated by "Storm". These differences 
reflect the large variations in the input loadings. 
The "Storm" loadings yield higher pollutant concen-
trations from the nonurban area than from the urban area. 
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This is contrary to current knowledge if (as in the 
Shingle Creek Basin) the nonurban area is not primarily 
high runoff agriculture or high density pasture lands. 
The "NSE" loadings and resultant water quality degrada-
tion are relatively higher for urban areas. 
The BOD, N, and P04 washoff rates for urban areas 
are not only a function of their input loadings, but are 
also a function of the suspended and settleable soilds 
loading rates, as shown in Chapter 4. Average BOD, N, 
and P04 loading rates cannot, therefore, be considered 
without the effects of suspended and settleable solids. 
The "NSE" urban loading rates are average values. Ignor-
ing the aforementioned relations of nutrients with solids 
causes erroneous results. For examplea inputting the 
"N SE " ban loadings, as given in Table 6, increases BOD, 
N, and P04 concentratio s from 40.7 to 135, 4.6 to 51.6, 
a nd 1,0 to 5.8mg/l r espectively. These res ts ar e not 
r epres entati e of the intended loadingJ Nitr gen s, in 
f act, m ch too high. Alternately, the urban loadi gs 
from "Sto m" incor porate the nutrient .. solids dependence. 
The loadings, as given in Table 5, will therefore result 
in BOD, N, and Po4 pollution levels that are consistant 
with the desired loading rates. 
Urban water quality degradation can be obtained from 
average loadings by making a comparison between results. 
The first result is obtained with the suspended and 
44 
settleable solids loadings with or without the other 
pollutants. This run gives the proper suspended and 
settleable solids pollution contributions only. The 
second result -·1s obtained ith the desired BOD, N, and 
P04 loadings and ith zero suspended and settleable solids 
loadings (input a very small non-zero value to avoid 
default values). This run gives the proper BOD, N, and 
P04 pollution contributions. 
A program input listing and selected output are in 
eluded in Appendix D for reference. The input loadings 
are from "Nonpoint Source Effects" with the solids load-
ings omitted for the urban areas. 
1 Erosion Com 
The soil rosion ·s calculated in .. Storm" with the 
follo ing va i s s inp t• (1) R tio o~ m x·mum ourly 
r infall i t nsi y o t e maxim J te ·nt sity. 
T ble 8 ists r tios 
e osi n c e f·ci t _ t ap 
f ct s. Thes v es ·ere 
r F o 
• l.C • 
a. {2) Sn 
(J) ~ il r 
e t 
i 
c ntl~- pub · y t e ~f'\s 
for Flo daJ s e Table 9. Th y are tabu a d for the soils 
in the s ing e Cre Basin in T e 10. (4) So 1 se i s 
id nt·r~cat on code, (5) G ound sl p s and lot lengths. 
(6) Cropping-management factor and erosion control prac-
tice factor. 
The land surface erosion was calculated by "Storm" to 
be 0.078 tons/acre for the urban areas, and o.o66 tons/acre 
TABLE 8 
RAINFALL INTENSITY RATIOS 
OF JO MINUTE TO 1 HR. DURATION STORf4S 
Location Frequency JO Min. 1 HI-. 
(yrs) (inches) (inches) 
Orlando 1 1.5 2.0 
2 1.? 2.2 
5 2.1 2.7 
10 2.4 ).1 
25 2.8 ).4 
Miami 1 1.8 2.4 
2 2.0 2.6 
5 2.6 3 2 
10 ;.o .).? 
25 ,3.4 4 2 
Tallahassee 1 1.55 1.95 
2 1.75 2.2 
5 2.10 2.7 
10 2.)5 ).0 
25 2.80 J.Js 
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Ratio 
0.75 
0.?8 
0.78 
0.73 
0.77 
AVG = 0.76 
0.75 
0.77 
0.81 
0 81 
0 81 
AVG = 0 79 
0.?95 
0.795 
0.78 
0.78 
0,84 
AVG = 0.80 
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for the nonurban land use over a nine month period. This 
is equivalent to 7.5 tons. The washoff from impervious 
areas was calculated to be 68.8 tons. This yields 76.J 
tons, for th~ nine month study period, of soil delivered 
to Shingle Creek. 
5.4 Peak Quantity and Quality Variations 
Stormwater analysis must consider the variations in 
quantity and quality of runoff. The quantity of runoff 
as computed by "Storm" varied from the average of 0.10 
inches to a maximum of 0.38 inchesr a ratio of ).8 to 1, 
for the runoff events in the nine month study period. In 
"Storm", rainfall is classified as an event when runoff 
results. An events duration is the number of hours for 
~hich runoff occurs. Twenty such events were computed 
for ·he 1972 study period for the Shingle Creek Basin. 
The runoff quality variations, as computed by 
11 Storm", for the Shingle Creek Basin and the nine month 
study period are summarized in Table 11. The hourly 
aximum to av age poll tant concentration ratios indicate 
BOD and P04 var·ations are the highest; ratios of 29.33 
and 28.28 to 1, respectively. Since quality variations 
also occur within the hour, these ratios are probably 
low, i.e., even higher variations in pollutant concen-
trations should e expected. 
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6. SENSITIVITY ANALYSIS 
51 
Several sensitivity (parametric) studies were made to 
expand the usefulness of the output, as a function of in-
put variables, and to simulate the results of urbanization 
on ater quality- degradation. 
The first parametric study was done to illustrate the 
changes in BOD, N, and Po4 concentrations for the urban 
area hen the solids ere included as input parameters. 
This was discussed in Chapter s. The BOD, N, and P04 
loadings, and all other input variables, were held constant 
over a range of solids loadings. The settleable solids 
were al ays qual to one tenth of the suspended solids. 
The results are linear relations; see Figure 6. This fig-
ure demonstrates that the nut ient-solids relationship is 
constant and possibly the solids effects on rr trients are 
too high. This figure also supports t e results of 
Chapter 5. 
The second parametric study relates BOD, N, and P04 
1 adings t o t e ·r runoff p llutant concentration for the 
urban and s e. The solids loadings were held constant 
at zero, h·le the other loadings were varied. Linear 
relations ere again obtained: see Figure 7. 
The third parametric study linked the nonurban 
pollutant 1 ading rates to the resultant runoff pollution 
concentration. All the pollutants were varied simultane-
ously because they have no interdependence. This study 
also resulted in linear relationsr see Figure 8 and 9. 
~ 
FIGURE 6 
PARAMETRIC STUDY OF 
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URBAN VARIABLE SOLIDS LOADING EFFECTS ON BOD, I'l, AND P04 
CONCENTRATIONS WHEN THESE LOADINGS }~~ HELD CONSTANT 
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FIGURE ? 
PARAMETRIC STUDY OF 
URBAN BOD, N, AND Po4 LOADING EFFECTS 
ON POLLBTANT CONCENTRATIONS, s·OLIDS = o.o 
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FIGURE 8 
PARAMETRIC STUDY OF NON URBAN 
SS AND N LOADING EFFECTS ON POLLUTM~T CONCENTRATIONS 
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These parametric studies can be very useful in cali-
brating the model to measured data. Once the quantity 
has been calibrated, these studies can be made for the 
particular taters ed and time period under study. The 
measured concentrations (or total pounds of pollutant 
ashoff) can be directly converted into loadings for the 
urban or nonurban land uses with the use of these graphs, 
The last parametric study exhibits the effects of 
urbanization ~ on the Shingle Creek Basin. The loadings 
from "Nonpoint Source Effe~ts" were used. Land use \vas 
varied from 100 percent nonurban to 100 percent urban. 
The land uses within the t~o major land use groups, i.e., 
urban and nonurban, were assumed to be in the same propor-
tions as they are presently . The area weighted loadings 
'ere, therefore, held constant. Any variation~ of these 
land uses iith·n the an or nonurban land se groups 
o d, of course, affect the runoff q ality . For example' 
changing the nonurban land use to high density pasture, 
or changing the urban land ~ se to a larger ind strial 
pe centage will a~ ersely affect ater quality. 
The quantity and quality aspects of runoff from 
urbanization must both be considered. The quantity of 
runoff from the urban area (18,900 acres) was 4.5 inches 
for the nine month study period in 1972. The quantity of 
runoff from the nonurban portion (91,200 acres) was 
57 
1.5 inches. The total watershed runoff was 2.0 inches, 
for the nine month period. The total runoff for a 100 
percent nonurban land use, for the same period, would be 
1.5 inches. · The total runof~ for a 100 percent urban 
area would be 4.5 inches for the nine months. The total 
quantity of runoff would, therefore, increase 2.25 times 
over present levels for the same rainfall records, if the 
Shingle Creek Basin were 100 percent urban. This 2.25 
ratio is only applicable to total runoff. As discussed 
previously, peak flows increase from urbanization due to 
decreased lag time. The increase in peak flows would, 
therefore. be even greater. 
Urbanization results in both increased pollutant 
concentrations and increased total po ds of pollutant 
was offr see Figures 10 and 11. This is explained by& 
{1) the "IiSE" loading rates {Table 6) are higher for 
ban areas than they are for nonurban a eas, and (2) the 
total pounds of pollutants ·ashed off are h·gher due to 
the increased runoff ratesr see App ndix A for sample 
calculations. The solids-nutrients relations in the 
urban area again necessitated a separate evaluation for 
the suspended solids curve. 
This parametric study predicts that complete urbani-
zation of the Shingle Creek Basin from the existing land 
uses, for an identical nine month rainfall record. would 
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result in the fo~lowing& (1) The suspended solids washoff 
would incr ase from 31.8 to 103.3 million pounds1 a ratio 
of 3•24 to 1. The suspended solids concentration would 
increase from 6)4 to 922 mg/lJ a ratio of 1.45 to 1. The 
decreased ratio from pounds to concentration is the result 
of increased runoff. (2) The biological oxygen demand 
washoff ould increase from 0.91 to 4.56 million pounds; 
a ratio of 5.02 to 1. The BOD concentrations would 
increase from 18.12 to 40.75 mg/la a ratio of 2.25 to 1. 
(J) The nitrogen washoff would increase from 0.202 to 
o.;17 millio~ pounds; a ratio of 2.56 to 1. The nitrogen 
concentration would increase from 4.02 to 4.62 mg/1; a 
ratio of 1.15 to 1. (4) The phosphorus ashoff would 
increase from 25 to 121 thousand poundsa a ratio of 4.84 
to 1. The phosphorus concentration would increase from 
0.50 to 1.08 mg/1; a atio of 2.16 to 1. 
It shou d be noted hat if the loadings s suggested 
in ''Sto m" {Table 5) had e en sed for the ban·zat·on 
study, the runoff q antity would increase as bef re but 
the q ality trends ould have been reversed. The pollu-
tant concentrations would have decreased because the 
"Sto m'' urban loadings are lower than the suggested 
nonurban loadings. 
Paramet~ic studies were intentionally not made on 
quantity parameters, i.e., depression storage and runoff 
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coefficients. The calibration of runoff quantity was 
fixed by calculating it from the hydrograph, as discussed 
in Chapter 5 •. _ . __ 
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7. smm~Y, CONCLUSIONS AND RECO~vmNDATIONS 
6J 
Summary 
PL 92-.500 has established ambitious goals to improve 
the Nations waters. Stormwater management is an impor-
tant part of -this effort. Stormwater runoff is both a 
nonpoint source of pollution and a water resource. Its 
management necessitates a regional plan based on the 
best practical methods. 
The management of stormwater must have many consid-
erations, includinga the temporal and spacial variations 
in rainfall, total runoff, peak runoff flows, the quality 
of runoff, quality variations, land use loadings, total 
and peak pollutant loadings, pollutant sources, ground-
water pollution and recharge, soil erosion, eutrophi-
cation, urbanization effects, and runoff quantity and 
quality control (regulation and abatement). This necess-
itates the need for model deve opment and education/ 
experience backgrounds. 
The area modeled \vas the Shingle Creek Basin. Its 
northern boundary is in south est Orlando, Florida, and 
extends south to Lake Tohopekaliga. The total watershed 
area is 110,100 acresa 18,900 acres urban land uses, 
81,500 acres nonurban land uses, and 9700 acres are sur-
face waters. Shingle Creek, primarily due to the 
discharge of two secondary sewage treatment plants, has 
the worst water quality of all the watersheds contribu-
ting to the Kissimmee River Basin(2J). The stream is 
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no longer a natural habitat. Downstream of each sewage 
treatment plant is in a continuous biological and chemi-
cal stress condition. 
The mathematical model "Storm" as applied to the 
Shingle Creek Basin. "Storm" considers seven elem ntsa 
·rainfall, pollutant accumulation, unoff, pollutant 
washoff and soil erosion, storage, treatment, and over-
flow of storage. It has four major areas of calculations• 
(1) runoff quantity, (2) runoff quality, (J) treatment, 
storage, and overflow, and (4) soil erosion. 
Runoff quantity as calculated from a hydrograph can 
be calibrated to the calculated val 
manipulation of input va iab es. Q 
can be made, but ata on the sp cific 
for c · rati n. 
s in "Sto m11 by 
l·ty predictions 
as are nee ssary 
P am tr~c st i s 
b n l a ings as ·nput 
re p rfor d on n d non-
ffects m te s to · str 
n y e n. Thes ies c n be s~ 
f the d·r t c nv of s d ta to oading 
rates for a specific area and rainfall record. Th se 
pa ametric studies may also be used to evaluate the 
effectiveness of management methods, 
A parametric study was also formulated on the effects 
of urbanization. Quantity and quality forecasts are 
possible for future land developments ith this type of 
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analysis. 
Conclusions 
1. Stormwater control is a complex problem which 
nee ssitates a regional or total water management system. 
2. The spacial and temporal variations in precipi-
tation necessitates model studies and field data collec-
tion with localized precipitation data. 
3. The maximum runoff quantity was ·computed to be 
).8 times higher than the average runoff quantity for the 
Shingle Creek Basin during the 9 month study period. 
4. The maximum runoff quality variations for the 
Shingle Creek Basin during the 9 month study period ere 
computed to be& 29.3, 28.), 15.0, and 7.1 times higher 
than the average BOD, Po4, N, and suspended solids runoff 
concentrations, respectively, on an hourly basis. 
5. Pollutant loadings can be correlated to land 
ses. 
6. Governmental regulation of nonpoint sources of 
poilution is presently impossible, primarily due to the 
lack of data. 
7. The mathematical model "Storm": 
a. Runoff quantity calibration is relatively 
easy. 
b. Runoff quality predictions· are possible, but 
their value without more measured data is 
questionable. 
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c. "Storm" BOD, N, and Po4 urban loadings are 
dependent on solids loadings. The nonurban 
loadings are independent of each other. 
d. Quality calibration requires data collection 
and analysis. This can be a long and 
costly venture. 
e. Parametric studies results can be developed 
for a watershed and rainfall ·record and can 
be used for direct conversion of measured 
data to pollutant loadings. 
f. Urbanization of the Shingle Creek Basin 
using the "Nonpoint Source Effects" loadings 
is predicted to increasea (1) the quantity 
of runoff, (2) the total pounds of pollu-
tants ashed off, and (J) the runoff pollu-
tant concentrations. 
8. The assessment of stormvvater effects must be 
analyzed for quantity and quality with respect to both 
peak and total loadings. These loadings should be anal-
yzed for both short and long term effects. 
9. Quality correlations to loadings must consider 
that runoff is the sum of overland and subsurface flows. 
A stream includes total runoff, but storm drain data will 
only include overland runoff (and infiltration). This 
will result in higher pollutant concentrations in the 
drainage system, 
10. The best stormwater management practices will 
result from appl~cation of the most cost effective 
abatement techniques. 
Recommendations 
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1. A large watershed should be segmented into 
smaller areas. "Storm" predicts the quality of runoff 
on site, not several miles downstream. Also, the repre-
sentativeness of rainfall data on a large watershed is 
questionable. 
2. To determine the pollutant loadings from over-
land flow, field data (quantity and quality) should be 
taken both upstream and downstream of the location. 
This is necessary because of the continuous influx of 
runoff ·nto the stream. 
). After "Storm~· has een calibrated, a different 
period (rainfall ecord) should be input. The runoff 
quantity computed by "StormN sho ld then be compared to 
the calculated runoff from the hydrograph for this period. 
Problems ith consistency in this type of analysis can 
be present, that is, if "Storm" is calibrated to one set 
of conditions then given a different period, can it 
accurately compute the runoff quantity? Ideally, quality 
consistency should also be checked. 
4. A continuous or nodal routing model is needed 
to simulate a large watershed. The water quality 
measured several miles downstream of an area is not 
the same as the quality of water just downstream of 
68 
the area. This routing model should at least include 
sources and sinks, such asa fauna and flora assimulative 
capabilities, pollutant degradation rates, reaeration, 
benthic uptake, and pollutant sedimentation. 
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APPENDIX A 
SAI"!PLE CALCULATIONS FOR THE EFFECTS 
OF URBANIZATION ON TOTAL POUNDS OF POLLUTANT WASHOFF 
Assume for academic purposes the rainfall is of 
constant intensity and duration, and occurs at equal 
intervals. Assume further that the pollutant accumulates 
at the rate of 100 lbs. between rains and that the runoff 
intensity for the nonurban area is 0.01 inches/hr. The 
runoff intensity will increase by a factor of three to 
0.03 inches/hr. for the Shingle Creek Basin when the 
land use is changed to ~ban. The pounds of pollutant 
ashoff per hour is calculated froma 
whe e 
= P(EXPT) 
M = lbs/hr of pollutant ashoff 
P = lbs. of pollutant on area at start of rain 
-ER 
EXPT = ( 1-e ! ) 
E = 4.6. washoff decay coefficient 
R1 = Runoff intensity 
70 
For the nonurban areaa 
- 0.045 
For the urban areac 
= 0.128 
The resulting pounds ·of pollutant washoff are tabulated 
below. 
EVENT NONURBAN URBAl~ 
p M p M 
(lbs) (lbs/hr) (lbs) (lbs/hr) 
1 100 4.5 100 12.8 
2 195.5 8.8 187.2 24.0 
J 286.7 12.9 26).2 JJ.7 
4 J?J.8 16.8 329.5 42.2 
5 45?.0 20.6 387.) 49.6 
Total \'fashoff 6).6 162.3 
(lbs/hr) 
APPENDIX B 
SHINGLE CREEK BACKGROUND AND SELECTED QUALITY DATA 
The natural background data for Shingle Creek as 
based on measurements upstream .of Orlando's southwest 
waste water treatment plant, as stated by the Orange 
County Pollution Control Department, are tabulated 
below. 
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PARArdETER NO. OF RANGE AVERAGE 
ANALYSIS (ppm) VALUE 
{ppm) 
Dissolved 
Oxygen 10 J.0-8.1 s.s 
Biochemical 
Oxygen Demand 7 0.9-3.9 2.5 
Total Phosphate 
as P 12 0.02-0.164 o.o62 
Ortho Phosphate 
as P 12 o.o-o.o62 0.022 
Nitra e l'{i trogen 12 o.o-o.15 o.oa 
N·itrite Nitrogen 11 O.OOJ-0.0)2 0.009 
Ammonia Nitrogen 11 o.o-o.28 0.11 
Organic 
0.7)-1.87 1.18 Nitrogen 12 
Water quality measurements (six) were taken between 
72 
July 1973 and June 1974 by the Central and Southern 
Florida Flood Control District, downstream of u.s. 192. 
Some of these ~~asurements resulted in& (1) specific 
conductivities in micromhos/cm, ranging from 120 to 310 
with an average of 218, (2) total Kjeldahl nitrogen in 
ppm , ranging from 0.82 to 1.46 with an average of 1.70, 
(J) chloride in ppm, ranging from 14,0 to 30.8 with an 
average of 22.8, and (4) total phosphates ranging from 
approximately 0.42 to J,Jlppm. 
The dissolved oxygen levels in Shingle Creek at 
u.s. 192, as reported by the East Central Florida 
Regional Planning Council, were below 5 and 4mg/l 
46.7 and 33·3 percent of the times measured, respectively. 
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APPENDIX C 
URBAN RUNOFF COEFFICIENT 
The urban runoff coefficient in "Storm" is given asa 
L 
C - Cp + (C 1 - Cp) ~ X.F. i=l ~ l. 
here C = composite urban runoff coefficient 
CP = runoff coefficient. for pervious surfaces 
CI - runoff coefficient for impervious surfaces 
xi - Areai/total Area 
Fi - Area imperviousi/Areai 
L = num er of urban land uses 
The follo ·ng eri ation ill show this 1s nothing 
more than a area eighted r noff coefficient. 
L 
C =~ C. Area1./total i=1 l. 
L L 
ea (Area eig ted) 
- Cp):---;x. (1-F. )+C 1~x.F. i=1 .l 1 i=l .l ~ 
L 
but ~x. = 1 
. 1 1 ~= 
Therefore 
L 
C = Cp +. (C 1 .. Cp)~X.F. . 1 ~ l. ~= 
74 
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APPENDIX D 
"STORr1" INPUT LISTING AND SELECTED OUTPUT 
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